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Plasminogen activator inhibitor: a risk factor for
myocardial infarction in diabetic patients

Rosaire P Gray, John S Yudkin, David L Patterson

Abstract
Objective-To determine whether dia-

betic patients admitted with acute
myocardial infarction have impaired fib-
rinolytic activity due to raised plasmino-
gen activator inhibitor compared with
non-diabetic patients.
Setting-A district general hospital.
Patients-90 non-diabetic and 38 dia-

betic patients admitted with acute
myocardial infarction.
Results-Both plasminogen activator

inhibitor activity and antigen were sig-
nificantly higher in diabetic than in non-
diabetic patients (24.7 (6.8) v 18-5 (6.8)
AU/ml; p = 0-0001 and 64-2 (range 13-1 to
328*8) v 38*5 (range 10-9 to 173-7 ng/ml; z
= 3-3; p = 0.0008) with a positive correla-
tion between activity and antigen (r, =
0*51; p = 0.0001). In both groups, activity
and antigen concentrations were signifi-
cantly higher than in diabetic and non-
diabetic subjects without coronary artery
disease (p = 0-002 to 0-0001 for each
comparison). Plasminogen activator
inhibitor activity correlated significantly
with admission plasma glucose (r = 0-32;
p = 0.0001), glycated haemoglobin (r =
0-32; p = 0.0001), admission plasma
insulin (r, = 0'48; p = 0.001), and Killip
grade of heart failure both on admission
(r, = 0-27; p = 0.001) and on discharge (r,
= 0-22; p = 0.006), but not with cumula-
tive creatine kinase MB isoenzyme
release (r. = - 0.08). There were similar
but weaker correlations between tissue
plasminogen activator antigen and
admission plasma glucose, glycated
haemoglobin, and insulin. In 18 patients
(12 non-diabetic and six diabetic) plas-
minogen activator inhibitor activity was
measured between six and 12 months (8.3
(1.6)) after the acute infarct and
remained similar to activity on admis-
sion (24-8 (1.9) AU/ml (NS) for diabetic
and 17-9 (6.9) AU/ml (NS) for non-dia-
betic patients) and was still significantly
higher in diabetic than in non-diabetic
patients (p = 0.007).

Conclusion-These results show that
diabetic patients have higher plasmino-
gen activator inhibitor activity than non-
diabetic patients both on admission with
acute myocardial infarction and at follow
up six to 12 months later. Raised plas-
minogen activator inhibitor activity may
predispose diabetic patients to myocar-
dial infarction and may also impair

pharmacological and spontaneous reper-
fusion after acute myocardial infarction
thus contributing to the poor outcome in
these subjects.

(Br Heart J 1993;69:228-232)

Coronary thrombosis plays an important part
in most subjects with acute myocardial infarc-
tion.' 2 Thrombolytic treatment has been
shown to reduce mortality and improve left
ventricular function when given for acute
myocardial infarction.34 Spontaneous throm-
bolysis also occurs in some patients and may
confer similar benefits.2 Not all patients treat-
ed with a thrombolytic agent successfully
reperfuse the thrombosed artery and treat-
ment is further limited by recurrent ischaemia
and rethrombosis in 10% to 25% of patients.5
One factor that could potentially influence
the response to thrombolytic treatment and
the occurrence of spontaneous thrombolysis
is the presence of plasminogen activator
inhibitors. Plasminogen activator inhibitor
type 1 is the principal inhibitor of throm-
bolysis under physiological conditions.6
Plasminogen activator inhibitor activity has
been shown to be high in young survivors of
myocardial infarction7 and to predispose to
reinfarction in these subjects.8

Diabetic patients have a high morbidity
and mortality from acute myocardial infarc-
tion and ischaemic heart disease.9 10 Impaired
fibrinolysis and raised plasminogen activator
inhibitor activity have been found in diabetic
patients without coronary artery disease." 12 If
also present in diabetic patients with myocar-
dial infarction these may be factors contribut-
ing to the poor outcome of these patients. In
this study we have measured plasminogen
activator inhibitor activity in diabetic and
non-diabetic patients on admission with acute
myocardial infarction and between six and 12
months after myocardial infarction.

Patients and methods
PATIENT SELECTION
Over a two year period we studied 128
patients admitted with acute myocardial
infarction to the Whittington hospital. This
represents 60% of all admissions with acute
myocardial infarction over this period;
patients were excluded from the study if an
initial blood sample was not taken before
thrombolytic treatment was given, if they
presented more than 24 hours after the start
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of chest pain, if cardiopulmonary resuscita-
tion was performed on admission, or if
myocardial infarction was not confirmed
according to World Health Organisation cri-
teria."3

There were 38 diabetic patients of whom
29 were previously diagnosed as having dia-
betes with a median duration of five years

(range six months to 25 years), and nine were

newly diagnosed on the basis of admission
hyperglycaemia (plasma glucose 11-0
mmol/l) and raised glycated haemoglobin
concentrations.'4 Of the known diabetic
patient 10 were treated by diet alone, 1 1 were

treated with oral hypoglycaemic agents, and
eight (two of whom were ketosis prone were

treated with insulin. There were 90 non-dia-
betic patients of whom 12 had admission
hyperglycaemia and glycated haemoglobin
concentrations within the normal range.

Previous work from this unit has shown that
over 90% of patients with hyperglycaemia
and normal glycated haemoglobin concentra-
tions on admission with acute myocardial
infarction had normal glucose tolerance three
months after acute myocardial infarction.'4

All the patients were admitted within 24
hours of the start of chest pain and myocar-

dial infarction was confirmed according to
World Health Organisation criteria.'3 On
admission to hospital and before thrombolytic
treatment was given venous blood samples
were collected from an antecubital vein with a

21G needle without venous stasis for estima-
tion of plasminogen activator inhibitor activi-
ty and antigen, plasma glucose, glycated
haemoglobin, and creatine kinase MB isoen-
zyme concentrations. Plasma insulin was also
measured in the first 38 patients (27 non-dia-
betic and 1 1 diabetic) included in the study.
Repeat creatine kinase MB estimates were

performed every six hours for the first 48
hours and then every 12 hours for the next 24
hours. The blood samples for plasminogen
activator inhibitor activity and antigen were

collected into tubes containing sodium citrate
(nine parts of blood were mixed with one part
of 3-8% sodium citrate), centrifuged for 15
minutes at 3 000 g and 4°C, and the plasma
stored at - 70°C until analysed.

Between six and 12 months after the origi-
nal infarction, 40 men were invited to attend
for follow up and 18 (45%) (12 non-diabetic
and six diabetic) attended. Fifty patients were

not invited to attend because the interval
from the original infarction was less than six
months in 28, 16 patients died either in hos-
pital or after discharge, and six were elderly
(>70 years). Blood samples were drawn
between 0830 and 0930 after the patients had
rested for 10 minutes and had fasted for 12
hours.
The control group consisted of 35 men

with no clinical or electrocardiographic evi-
dence of heart disease or hypertension. The
15 non-insulin dependent diabetic patients
were randomly selected from the diabetic
outpatients clinic over a four week period and
the 20 non-diabetic patients were randomly
selected from routine admissions for minor

surgical procedures recruited over one
month. The blood samples were taken before
any other intervention. Mean age was 60-9 in
the diabetic and 61-4 in the non-diabetic
patients.
The study received ethics committee

approval and the patients gave informed con-
sent.

ASSAYS
Plasma glucose was measured by a glucose
oxidase method (Beckman, Brea, California
USA). Glycated haemoglobin was measured
by agar gel electrophoresis (Corning Medical,
Halstead, UK). Plasminogen activator
inhibitor activity was measured by a chromo-
genic assay (Kabi Diagnostica, Sweden). The
interassay coefficient of variation (CV) was
8% and the intra assay CV was 4-5%.
Plasminogen activator inhibitor antigen was
measured by an enzyme linked immunosor-
bent assay (Biopool AB, Sweden). The
interassay CV was 7-5% and the intra assay
CV was 4-5%. Insulin was measured by
radioimmunoassay (Novo Research Institute,
Denmark) and creatine kinase MB by an
immunological method (Boehringer
Mannheim Diagnostica, France). Serial esti-
mates of creatine kinase MB were used to cal-
culate cumulative creatine kinase MB
isoenzyme release with a modification of the
method of Sobel et all5 according to the equa-
tion:
Enzyme released (IU/1) = E(T) + kd It E(t)dt
Where E(T) = enzyme concentration at the
time of the last available sample E(t) =
enzyme concentration at time t after the onset
of symptoms, kd = dissociation constant =
0.095 IU/h.

STATISTICAL ANALYSIS
Results are expressed as mean (SD) for nor-
mally distributed data and median and range
for skewed data. Differences between groups
were tested with unpaired Student's t tests for
normally distributed data and Mann-Whitney
U tests for skewed data. Relations between
groups were assessed with Pearson's correla-
tion for normally distributed data and
Spearman rank correlation for skewed data.

Results
Table 1 shows the various measurements in
the patients studied at admission with acute
myocardial infarction. As expected plasma
glucose, glycated haemoglobin, and insulin
concentrations were significantly higher in
diabetic patients than in non-diabetic
patients. Infarct size as measured by cumula-
tive creatine kinase MB isoenzyme release (in
75 non-diabetic and 29 diabetic patients) did
not differ significantly between the two
groups. It was not possible to calculate cumu-
lative creatine kinase MB isoenzyme release
in the remaining 24 (19%) as insufficient
samples were taken in 17 and seven died
within 48 hours of entering the study.

Ninety six (69 non-diabetic and 27 diabet-
ic) patients received thrombolytic treatment.
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Table I Characteristics of diabetic and non-diabetic patients on admission with acute
myocardial infarction

Variable Diabetic Non-diabetic
(n = 38) (n = 90) p Value

Age (yr) 64 6 (8 8) 65-5 (12 0) NS
Sex (M:F) 28:10 62:28 NS
Anterior infarction 55 3'% 45 6'%, NS
Inferior infarction 28 9'% 42 2%
Time from start of chest pain (h) 6 (2-0-24) 5 (0-5-24) NS
Plasma glucose on admission (mmol/l) 17 4 (8 9) 8-4 (2 3) 0 0001
Glycated haemoglobin (%) 10 2 (2 1) 7-1 (0 7) 0 0001
Plasma insulin (mU/ml) on admission 6-4 (10-5-55-2) 13 7 (5 7-36 7) 0 003

(n =11) (n = 27)
CK-CR (IU/l) 205 (98-572) 237 (46-655) NS

(n = 29) (n = 75)
PAI-I activity (AU/ml) 24-7 (6-8) 18 5 (6-8) 0 0001
PAI-I antigen (ng/ml) 64-2 (13-1-328 8) 38-5 (10 9-173 7) 0-0008

Values are mean (SD) for normally distributed data and median and range for skewed data.
CK-CR, cumulative creatine kinase MB isoenzyme release; PAI-I, plasminogen activator
inhibitor type 1; AU, arbitrary units.

During the period of this study, the hospital
was participating in a randomised study of
thrombolytic treatment in acute myocardial
infarction (the third international study of
infarct survival (ISIS 3)) and consequently
the thrombolytic agents used were streptoki-
nase in 62 (44 non-diabetic and 18 diabetic),
anistreplase in 12 (seven non-diabetic and
five diabetic), and recombinant tissue plas-
minogen activator in 22 (18 non-diabetic and
four diabetic) patients.

Table 2 shows plasminogen activator
inhibitor activity and plasminogen activator
inhibitor antigen concentrations in diabetic
and non-diabetic controls and in the patients
admitted with acute myocardial infarction.
Both the diabetic and non-diabetic patients
admitted with acute myocardial infarction
had significantly higher plasminogen activator
inhibitor activity and antigen concentrations
than their respective control groups.
Plasminogen activator inhibitor activity was
also significantly higher in the diabetic con-
trol group compared with the non-diabetic
control group. In the patients admitted with
acute myocardial infarction, both plasmino-
gen activator inhibitor activity and plasmino-
gen activator inhibitor antigen concentration
were significantly higher in diabetic compared

with non-diabetic patients. There was a posi-
tive correlation between activity and antigen
of 0-56 (p = 0-0001). There were no signifi-
cant differences in plasminogen activator
inhibitor activities between non-diabetic
patients wVith or without admission hypergly-
caemia or between newly diagnosed and pre-

viously known diabetic patients (table 3).
Plasminogen activator inhibitor antigen con-

centrations but not inhibitor activities were

significantly higher in patients with admission
hyperglycaemia than in normoglycaemic
patients (table 3).

In all patients combined there was a posi-
tive correlation between plasminogen activa-
tor inhibitor activity and admission plasma
glucose, glycated haemoglobin, admission
plasma insulin (38 patients), and Killip grade
of heart failure on admission and on dis-
charge (table 4). Plasminogen activator
inhibitor antigen also correlated positively
with admission plasma glucose, glycated
haemoglobin and Killip grade of heart failure
on discharge (table 4). Neither plasminogen
activator inhibitor activity nor antigen cor-

related with infarct size as estimated by
cumulative creatine kinase MB isoenzyme
release (n = 104) (r, = -0-08; NS, and (r, =

- 0 16; NS). When the groups were analysed
separately only the correlation between plas-
minogen activator inhibitor activity and plas-
ma insulin remained.

In 18 of the patients (12 non-diabetic and
six diabetic) plasminogen activator inhibitor
activity was measured between six and: 12
months after the acute infarct and activities
were again higher in diabetic compared with
non-diabetic patients (table 5). Comparison
of changes within individual patients between
admission and follow up showed no signifi-
cant difference.

Discussion
Plasminogen activator inhibitor activity has
been found to be increased in thrombotic dis-
orders including deep venous thrombosis,'6

Table 2 Plasminogen activator inhibitor type 1 (PAI-I) activity and PAI-I antigen concentrations in diabetic and non-
diabetic patients and controls

Diabetic Non-diabetic

Patients Controls Patients Controls
(n = 38) (n =15) p Value (n = 90) (n = 20) p Value

PAI-I antigen (AU/ml) 24-7 (6-8) 18-7 (5 6) 0-002 18-5 (6 8) 12.0 (3-8) 0 0001
PAI-I antigen (ng/ml) 64 2(13-1-328-8) 24 3(9-8- 41-1) 0 0001 38 5(10-9-173-7) 19 9(4-5- 52 7) 0 0001

Footnotes as for table 1.

Table 3 Plasminogen activator inhibitor type 1 (PAI-I) activity and antigen concentrations on admission with acute
myocardial infarction in non-diabetic, hyperglycaemic, and diabetic (previously known and newly diagnosed) patients

Non-diabetic Diabetic

Hyperglycaenia Newly diagnosed
Normoglycaemic on admtission Known diabetic diabetic
(n =7) (n = 12) (n =29) 01 = 9)

PAI-i activity (AU/ml) 18-3 (6-4) 19-2 (9-3) 24-2 (6-3) 26-3 (8-3)
PAI-i antigen (ng/ml) 36-9 (10-9-118-1) 54-8 (28-9-173-7)* 60-8 (19-0-328-8) 73-9 (13-1-220-6)

Footnotes as For table 1.
*p = 0 04 compared with normoglycaemic subjects
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Table 4 Correlation coefficients between both plasminogen activator inhibitor type 1 (PAI-I) activity and antigen and
variables of diabetic control and indicators of infarct size in all patients combined

PAI-I activity PAI-I antigen Plasma glucose on admission
r, (p value) r, (p value) r, (p value)

PAI- I antigen 0*51 (0 0001)
Plasma glucose on admission 0 32 (0-0001) 0-26 (0 002)
Glycated haemoglobin 0-32 (0-0001) 0.23 (0 007) 0 69 (0-0001)
Plasma insulin on admission 0-48 (0-001) 0 26 (0-06) 0 43 (0 004)
CK-CR NS NS NS
Killip grade (on admission) 0 27 (0 001) NS 0-20 (0 02)
Killip grade (on discharge) 0 22 (0 006) 0 19 (0 02) 0-28 (0 001)

Footnotes as for table 1.

unstable angina,"7 and acute myocardial
infarction.'8 In this study we found that plas-
minogen activator inhibitor concentrations
were raised in patients admitted with acute
myocardial infarction, and that both activity
and antigen concentration were higher in dia-
betic compared with non-diabetic patients
both on admission with acute myocardial
infarction and at follow up six to 12 months
later.

Diabetic patients have a high mortality
from acute myocardial infarction, with heart
failure and cardiogenic shock, the most com-
mon causes of death. The reasons for this
excess mortality are unknown. We and others
have previously shown that diabetic patients
do not seem to have larger infarcts than non-
diabetic patients.9 '9 One possibility is that
impaired fibrinolytic activity in diabetic
patients predisposes them to coronary throm-
bosis, impairs their response to spontaneous
and pharmacological reperfusion, and predis-
poses to rethrombosis after successful reper-
fusion.
The role of plasminogen activator inhibitor

in determining the occurrence of spontaneous
reperfusion and the outcome from throm-
bolytic treatment or both is still unclear. In
the Thrombolysis and Myocardial Infarction
(TAMI) study lower plasminogen activator
inhibitor antigen but not plasminogen activa-
tor inhibitor activities correlated with greater
patency at the 90 minute angiogram.'0
Barbash et al found significantly higher base-
line plasminogen activator inhibitor activity in
patients with non-patent infarct related arter-
ies three days after giving recombinant tissue
plasminogen activator.2' Both studies, there-
fore, have suggested a relation between high
concentrations of plasminogen activator
inhibitor and a decreased likelihood of a
patent infarct related artery.

Concentrations of pharmacological recom-
binant tissue plasminogen activator range
from one to three ,ug and so it is likely that in
the average patient plasminogen activator
inhibitor activity is overwhelmed by an excess

Table 5 Plasminogen activator inhibitor type I (PAI-1)
activity (A Ulml) in diabetic and non-diabetic patients on
admission with acute myocardial infarction and at six to
12 months later

Diabetic Non-diabetic
(n = 6) (n = 12) p Value

Acute infarct 21 6 (4-9) 15 5 (5 7) 0 04
Follow up 24-8 (1 9) 17 9 (6 9) 0 0007

Footnotes as for table 1.

of thrombolytic agent with standard treat-
ment protocols. However, in patients with
very high baseline plasminogen activator
inhibitor concentrations neutralisation of a
variable but significant portion of the admin-
istered drug may occur and reduce the likeli-
hood of reperfusion. Also the inhibitory effect
of plasminogen activator inhibitor may be
more important after infusion of thrombolytic
agents has finished and may predispose to
reocclusion and reinfarction. Lucore et al
found that infused tissue plasminogen activa-
tor initially saturates plasminogen activator
inhibitor and circulates as free tissue plas-
minogen activator and in a complex with pro-
tease inhibitors.22 Their findings also
suggested that raised plasminogen activator
inhibitor activity associated with myocardial
infarction reduced the activity of substantial
amounts of residual plasma tissue plasmino-
gen activator after the infusion had ended. As
yet there are no studies looking at the effect
of plasminogen activator inhibitor on throm-
bolytic treatment with streptokinase or
anistreplase. As both these agents, like tissue
plasminogen activator inhibitor, exert their
thrombolytic effect by generation of plasmin
from its inactive precursor, plasminogen. It is
possible that plasminogen activator inhibitor
may have similar effects on reperfusion and
reocclusion in patients treated with these
agents. It is possible, therefore that the higher
plasminogen activator inhibitor concentra-
tions in diabetic patients with acute infarction
may reduce their likelihood of initial reperfu-
sion and increase their risk of rethrombosis
and reinfarction and thus contribute to their
poor outcome.
The cause of the raised plasminogen acti-

vator inhibitor concentration in diabetic
patients cannot be determined from this
study. The correlations between plasminogen
activator inhibitor and both admission plasma
glucose and glycated haemoglobin may sim-
ply reflect the fact that the diabetic patients
had higher plasma glucose and glycated
haemoglobin concentrations and also had
higher plasminogen activator inhibitor con-
centrations rather than a cause and effect
relation. Plasminogen activator inhibitor
activities also correlated significantly with
plasma insulin in these patients. Juhan-Vague
et al found a relation between plasma insulin
and plasminogen activator inhibitor in differ-
ent groups including obese subjects, non-
insulin dependent diabetic patients, and
angina pectoris.2324 Insulin has also been
shown to stimulate hepatic production of
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plasminogen activator inhibitor.25 The finding
that the relation between plasminogen activa-
tor inhibitor and plasma insulin persists in the
setting of acute myocardial infarction sug-
gests that insulin may be an important regula-
tor of fibrinolysis. However, our own findings
that plasminogen activator inhibitor activity
in non-insulin dependent diabetic patients
correlates better with concentrations of des
31, 32 proinsulin (32, 33 split proinsulin)
than with those of insulin itselF6 mean that
such conclusions require further investigation
with specific assays for insulin and proinsulin
like molecules.2728

In a small number of patients we found
that plasminogen activator inhibitor activity
remained higher in diabetic patients com-
pared with non-diabetic patients at follow up
between six and 12 months after the acute
event. Plasminogen activator inhibitor activity
was also higher in the diabetic controls com-
pared with the non-diabetic controls. This
indicates that diabetic patients without clini-
cal evidence of heart disease also have raised
plasminogen activator inhibitor activity and
confirms previous findings." 12 Whether the
increased plasminogen activator inhibitor in
the patients with acute infarction is a cause or
a consequence of the acute infarction is not
clear from this study. It has been suggested
that plasminogen activator inhibitor is an
acute phase reactant but this effect would be
unlikely to persist six months after the acute
infarction. Also others have shown that raised
plasminogen activator inhibitor activities are
independent of acute ischaemic events29 and
so are unlikely to be acute phase reactants.
Moreover, the circadian variation found in
normal people persists in acute infarction.29 It
should be noted that all samples at six to 12
months were morning samples, unlike those
taken on admission with acute infarction and
this may affect the comparability of these val-
ues. In view of the effects of exercise and pos-
ture on fibrinolytic activity,30 a 10 minute rest
period before samples were taken in this
study may well be insufficient to control for
any effect of exercise on plasminogen activa-
tor inhibitor activity. All the samples, how-
ever, were taken in the morning and none of
the subjects had engaged in any form of
strenuous exercise immediately before the
study.

In conclusion, we have shown that diabetic
patients admitted with acute myocardial
infarction have reduced fibrinolytic activity as
shown by raised plasminogen activator
inhibitor activities compared with non-diabet-
ic patients and controls. The role of plas-
minogen activator inhibitor in determining
the outcome from spontaneous and or phar-
macological reperfusion or the occurrence of
reocclusion is still not clear and requires fur-
ther study.
This study was supported by a locally organised research
grant from the North East Thames Regional Health
Authority.
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